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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURING METHOD 

(57)Abstract ,r^£P^ 
PROBLEM TO BE SOLVED: To manufacture a power ^ 
MOSFET of low ON-resistance and high breakdown 
strength without greatly increasing the number of 
processes. 

SOLUTION: An n- type epitaxial Si layer held between 
trenches 3 is changed to a semiconductor structure 
consisting of n-type pillar layer 5/p-type pillar layer 
4/n-type pillar layer 5 arranged transversely, which 
practically plays the same role as a super junction 
structure, by implanting As and B to a side surface of 
the trench 3 by using a rotational ion implantation 
method and using the difference in diffusion coefficient. 
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im*m i 3 is i mmm^mi^&mt , 

£ <oss i m^si*mtmfo *mi mmm HM>itt 

£ ttgEL^V N -1 7— M O S F E T b . 

; Wt7-MO S FE Ttfi«RF t#lt4 . ft£$ 

1 ^tga^^S«±^^G£ $ ^ ttm&tt b £ A« L 

mi^ -MO S F E T(± % 

tz. s^^mwm^^h^mmkMX'h^x . mi 
mm.*m&m<r>mm*ms x o izmf&ztitz 2-00& 1 
m t mm 1 simM^ttJi top nm-smamsm 1 

mizm2mmm*m#m<r>±&mmi,zmf&.ztit:. mi 
-xmb- 

z<r>m2 mwm'<.-Am<r>mmizMtRtmz]&rfLzti.tem 
lmm&v-xmb. 

z com i mmmv -xmm t mm 1 mmmmmfcrn 
b Tmtiv^mim2mmM^-^m±izm^ntzy 
-h&mj&b. 

zcr,?- h tm&i-iz&fit $ titz y- hmmb z&tsz 
biftmb-rz^mmm. 

imxm ] mm 1 mmm^mftm'pcom 1 mmm* 

W^eom&it3— 1 8x 1 0 15 (atoms/c 

m3 ) . mm2mwm*mwm*nn2mwm*mi 

comSH±0. 2 — 8X 1 01 5 (at oms/cni' ) T 

£ t zmtib -rs«*jg i 
[ a* jb 3 j traesi i mwsL¥mtem#<?)& 1 ^spf 
namiatSL Kiie^2®«s^^4'^2^a^ 
tmaxziyx'&hz b &bi#«i iztmn 

[fs*JB4 3 mm2mmm i mw®*<r)m2mmm* 
vm<r)Wt*A, m^2&nm. ; mwme>mmzmj 
mi 2mm i mmm*m#m*<r>m 1 mmmr-maco 

m&Z B b Lfz^lZ. 1 0 OX | A— B I 

T^&zffittz b z*mb-t$>m?m 1 cea*)** 
tn*JS5 3 iraess i swffi^HwwcoJiawiBfc:,- «r 
mwLfStfMi&ztix^hzb zmib-t&mxm 1 tela 

[19*356 3 mm 1 S«Sfi£fflC«*cO» 1 

mcom^b m i mmmv-xmtm*<?>m 1 
^jgst^iorisi t-e*>£ - b zmibT&m&ms 
izimc?>¥mftgim. 

[»*«7 3 mammtn , mas 1 ssmffi^&s 



mm i tte»^^«^is. 
insms i mittmmtti. mm 1 m^m^mim 
fc±izmmztifc*mft%b, zc^m^m^mmax 
ifwmzm^m&mbfr^&zbztmb-tzmxm 

[it 3 trass* i mmm^mfcmwi. am^w. 1 9 

VMb L*C. MeAV-MOSFET« 

ire* 1 mmm^mwm.<r>m^iL<r>% 1 tsms;**: 
\m&*Ktzwsm:it\^x . mE*Mn»(c«t>]&vfr 

K^-V-M O S F E T t-T ^r£«HHt3ft^ $ 

fit i x v ^ £ b £ t -r h m&m 1 * ^ l 8 <n \ ^-rti 
& 1 ^zim<vmmkw.„ 

[!«*« 1 0 3 mm 1 3¥«M¥3Sffc»££ftjiOSF5 1 

£ ft & oiaacTy \v-mosfetst ■&tsm=Fffl&<r> -a 
t -r •& mm sn^-mfr 1 ji^is^^ 
m>mi 1 3 Brae^^^twSL^trae^Bta5««03i 

#® k -rs ft*« 1 0 izimcvmmm.. 
imm 1 2 3 mm 1 nwNwtm^^icoff 1 
mnm.Yi'j ymb lx. mie^^-MosFET^is 

z-ix^ffrnw^^—uo s f e T^tsm=FW^>m 
mmz. mmscco^v-uosFETcoy— bw&iz 
m-zm 1 <r>y- vm.wm»^ix. 
mim^®.<nm&®frbmim^&<nnmz\»\ti>'> 
xm/tz. mi j mLcr>>iv-Mo s f E-rcoy- v-mm 
iztt-r&m 2 <r>y-vws&. mmiay-hwmiz 
mmztix £ b numb -r sis*'! 1 l 8<ov^ 

[ i**js 1 3 3 traen 2 <oy- h ffl&Tcr>mnm=?-m& 

iife^N'V-MOSFET*«#ffit^:v%£i:$-# 

[ii*«i 4 3 irae^2co^-M&aiTcomrie^«iS 

£ & sr^at -rsti*« 1 3 tcias^^^a. 
[|«*ji 1 5 3 iraess 1 aimM^«s»g?r*iicom 1 

mmmnw-Mo s f e Ti&tfm^-mmizm-h 
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m*m#m, mim2mmm^m^mt^ ^zm<kmf& 
miwkwv— mo s f e mm i rn^mv -xttu 
di07-x^®^Bfrie^^a5ffl«ffl!)^Si5i:. f<rie#gs 

mcommtf. loumtAkxh&zbz&mb-tzmm 

m 1 &v > L 8 cov ^-fix*> 1 iflcettO^NMdSiK. 
[ii#Jf 1 6 ] «Se»*WB«WLhty- MJ®f8it**» 

[n** 1 7 ] ftTMm&sznm i gwmmmu: 

■Y * y&Aifc£ffi Me 3* U > -f-PMmizm 1 i$SM 

«*fc&xu imim^^immLxmzhuy^ 

3S2&«S¥3WWii:. ^i0m2®SM¥^/fc0Mffi 

6* o , aptness 2 t mm 1 sima 
ate* 2 ams^&fl^ia^ac: . Mies 2 »«s 

*^*S«k 0 t&^l«^&Wj&2S£«lK-XJf =£r^ 

i<0^23S^^-x®(7)acStm 1 iSlV-Xl^ 
jMiRW^Jfc-T^Xgi:. 

z <m 1 ^1^7 -xjs»Ji t mim 1 ssmsmitte 

b^z^mmmnwrntt. 
muzmi 8 j mi&simmspFmmt Lxmm. mi 
m 2 mnmwm t lx *o > z&m-t h z t zkwi t 

*<r>&\mmm^wtwr>Wk%.*5 xi 013-3x1 o^ 
(atoms/cm3 ) . mtm i mmM^mwm^ 

mi»^S^m?fe<?>iSUS$-3~8X 1 0 1S (atoms 

/cm' k ffinsm2«ms^*B«f<om2^«s^ 

fc&fejOjftS £ 0 . 2~8X 1 0 15 (at oms/c 

m3 ) ct&g-r-g, d t zmit i-hwtxm 1 7 cento 



im&&2 0 3 itnEM^v^rtSissrMfe^ 1 nimm 

m 1 7 icis»^^«s^s«7)Sit^. 
iii^3S2 1 1 mi&imnm^?*^ 
vmmizmtm 1 ofe&iBii: umwm%& m 2 <rnm 
i&zmfcL tztk . fries? 2 t xsmzmzm 1 

®mMxe is* /t^^sSftJISrx -y ^ UT mile K 

l^y^Sr^Pt, -e^mie^ico^fiKSr^-r^i 

t x\ mzhv y^nftmzmzim&m&fcmztiL 
v= t £im t ? zm$m 2 0 icie®<o¥«fl^ 

[f»?f<Ji2 2 3 K^eh ^^cortggsrHine^ 1 nmm 

ZjtLxmtihlsy^0>m'pcr>%i2£X'¥m#mi,ZJ: 0 

mxmtb&tsz t znmb-tziinm 1 7 tzfsm&m 

[000 13 

-eoSit^tCffi^O, iftt^^-MOSFETS-fii^ 
[00 02 3 

[^^)Sffi3 02 1 «*coft^W=S:^°V-MOS 
FETCDBrffiBlSr^-r. 04>. 81lin* IPHyf 

f ^^i^-r/PS i J18 2*^^$<xTViS. 
[0 0 03 3 ^<^)n- Sitr^^r^^/PS i mS2<rm. 

ffiu±pw^—xm8 sfizmimizmf&zti. smc-i 

^ p M^.-XJ1 8 3 <0*ffiCCtiiST*#fMJ£<7) n* IV 
- XtfcffiW 8 4 *«jgjRW^« $ tlX V ^ . 
[00 04 3 ZCQn* MV— xmSM8 4 b n- Sxt 
^df-v-v/PS i «8 2 bXlfe&1xKpm^-Z.m8 3± 

[00053 wCOaOMy-MOSFET, -T^ri?*>T 
l/-tlW!7-MOSFETl:fcHtll n* iSi 
*K8 ltfDSM*»^n- Sxt^^+;l-Sii82?: 
^UMOSfA'^ X'v<D«8!Bgf&£ i: -> T V ^S">. 
irt^X^V^im. (*vmK) fin- Mxb'^^-^ 
-v;US iJf 8 2^Ji5 (xfJS) 

[00 06 3 &ZMten- Mxtr^^f v-v^S i 
S8 2^S:W«.^* , >tc, WffiStlSlixfcfjrc&iS. 
^■>-»tS*3iimE<0f^W^ffl{±-eii-f^ 1.52 

( Q ) J3itX746 (V) Xhh. 

[00073 Z<7)£ o £122 1 ti*Lfc«£*o; , C!7— M 

osfetii wm^brnKim^-rtmrn^m-x 

$>s^*, ^itffi^/ito^xfcrjsjrfcsfc^^ffits:*? 
±*<0, i£^xtrj?$-?S< LX*>&tXZTlfhbffiE. 
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C0008] #tc. 2 oovullcokw y-y-^o 
j8*#rin»E£ii&-t&i§£l;:ti. n- Sxb^^-wu 

5 iS8 2 5-S»ia<b-T-l. ! ^^ft-g,^:y>(c, n - Sx 
b?*^-WI^S ijf8 2<0jgfiiR Epi aWt*U 
ffiOffijgsCJiKBWfc-pJt. SfctR ch . JgfiiR 

[00 09] Lfr LWa&lz^: *) . .Tft£>£}1tJ£$-£.g> i 
d&Super Junct i onftStfcDftf ft Sfffit 
JS<O^V-MOSFET**jg*$iiTOS. i2 2Cf 
flBftco'V?— MOSFET«oBrB0S-^-r. =S:t3. 02 
1 fc*tJ&*-4»#fcUiH2 1 kH-flF^SftLTftO. 
SMWrK«W±«*f 4 . 

[00 1 03 ;«AV-MO S F ETIiri/-tIt(i 

(87! ~87 6 ) fcitf^PffflSCpSb^-Jf 88 
^S)"?. ;<0pItT7-l8 8ii Pf<.-^18 3 CO 

[00 113 Z<r)£d%ffif$.T$>tUf, ±«aK(±nSx 
e**$"WUS i Jg8 lZm%tzMzJt>%mtnW.x. 

b^^yps i as 7<or#H!aKt=«8#U, 

x-Wl'S iJl8 7i3j:tfpSb 5— Jf8 8i7>-£fl-Tft£7) 
i± s MiLlf 6 0 0 V^i^-T'&ftJf, 02 1 C07*U- 

i-mm^co 1/3 jarirc* * . 

[00 12] U'LW, t^Super Jun 
c t i o nfgjfcO/'W-MO S FETtClliaTcOj: 3 & 

[00 1 33 -T%h*>, 02 2 tcij* Lti$im&ZBl&* 

is-rfrS iJf8 2C0fiK^ nl^iftii: LT<05H* (A 
s ) <?M jTM±A. pS^^iiAffl^-7^.^ 9 0<7)7£ 
JdL pST*E1»fc LT<0*o> (B) <7)4*>&.Xfrt> 

6 4 -a<??xs* m <o m-'Smt^h 4 . 

[00 143 Affc&Wcii. 600 V^cOS^T'Ji. nl 
xb?*v^S iS8 7^JlS{i5 0AtmSS. n" 
Sxb^^-wWS i«8 2c7)Ji:$(i8. 3_umfgjKT" 

[00 1 53 Z<r>i%r£. sm±tz\±b\3\r>tt-?*=s*r 
;HfcftI8. 1 OE^^til 2lll^7X?ffiti:S, l 
OEItTttSl 2E£JD^^>'aAXiil*>'^t^4„ *<7) 
7--;^ff^T. -f^^aXLitnffitJitfpS 
^fc&foSriS'frffcU nIxt^Jfy+^Sil87, p 



[00 1 6 3 Cl<7)J:-ptCta^<?DSupe r Junct 
i o n^atWNV-MOSFETSrf^Sa-rS^*')^, 
71/- ^Ih^y-MOSFETlCjt^-C. MS**;*; 

[00 1 73 $£>C ±TC0pSJ1 (02 3 (d) <T)B 
M *>&AX'&fSLZti&m) SrO^ffTpMb^-S 
8 8^^Sfcy>t<4. 4 *>i£ALtiB£'J?%:< b 
tn- Mxb^i'-wUS iS8 2tf>/5t£fc'Wi, ffifr 

[oo 1 8 3 zcotz. Bi,myT\fiizt>i&m.-r&. 

[0019] ftflse^tii, 600 V^t-fft'li. nl 
Xb^^-wPS iJ!8 9C0if$(i5— 8//mgJKT'*> 

4*:#>, «i:frfai£»£#.ti:Tr4i, m*<r)j---v h-tfr 

[00 20] 02 4 C S^WSupe r Junct 
i on«^WNV-MOSFETCfflV^ft6&Jg;|tit 

[ 0 0 2 1 ] ftUHJfifttt, nIxe^^^Sif8 
7, pSb5-«8 8<7)^0jStT'^)i£$ilTV^. n 
- Mxb^S^r^S i@82>fT<0S#^jfft-tS^ 
ttt(4, V-Xfrh Kl^-f >-{C|tiJ*»-3T^^lcS{4$-± 

[0022] ftfls&<HC<;L 600 V&cvmTX'lZ. x^ 
•/ h-fe/Hi*>3 0//m^<7)^-. jl- LTti 
10 — 20 mtfcgmT-h *)\ LtzW^ X300ju m*^ 

6 o o u mm&cn-g £ (TMmm&tfiZmx'fc ->tz« :<o 

[0023] 

[%BB^**^LJ: a ffSiKli] ±3*tfO*o< . fiascos 

uper Junct ioniilWV-MOSFET 
T^—i-WWtV—MOSFETtltmZ:*). 1&?t 

>mjLittiXv^ms.^tcom±i>^inx'$>i>i)K tv- 

i-mw V7 - M O S F E T(Cjt^.-C . I@ife*^1g(Cii 

flirts i; v ^3 -> tz. 

[0024] *W, ±!5»l»S:#lg:LT^$^t 
[00253 
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[0026] ttht>. JilBBWJr^-tS^t, * 

<m i mmm i mft&&zm 1 mmm. Yv^vmt-th 

llWW-MOSFETi:. ;wt7-MOSFET 

FETii, frie^ i ^«M^^a«co±B± t si*r« 

0 t , ttne 3 . m 2 , 
^<7>m 2mmm.*mfom<r)mm*ms x o izj&i&ztiti 
2 mm immm*mtkmt fr-om^&zm 
^m^mwm t mi ess 1 mw.w*m#m inpn «-&bb 
**mridss i mmm^mft&faozmiztt Lximmmv 

am i mmm v - xm&m t miess 1 mmm^i^m t 
T&£ixKmzm2&wm<-*m±.izm&ztitz7- 
h tmm t % £ o y- b tetMLhc^ft $ y- htg 

ffifc£-£tri><0-CJ>4. ilBffi^^ti, ±IB;\'<7-M 
OSFETfcftt^V-MOSFET. XIE^-MO 
SFETtS^r^Sg^, &4VMi£fl^H;rC£>4. 
[00273 £«0«t o %mtfLX'$>tHf. ±R3**r>*m 

wm^^^^mmn^mmuz super j un 
ct i onffimtmimfcsktz-tnx'. &*>m,mt 
t> x vimm\L<nm$. t^m. t & 4 . 

[0028] $ JC. ±IBOSn#«)ST'J>il{f . TfBO 
**6HJH;ffi4#^#£M<0§3£:^K«k 0 . Xgfico* 

mcomna^m^-nzmtv^ 4 <t a k&4 . 
[0029] *&mz&&*mmi&<?>wmiimii. m 
^tmm&om 1 mwgi*mtm®utt,z . ®r*ei!j«s 

OSB 1 iSIx t ? * ^ ^¥3EffcS * J&ft § it 4 Xg 

mnsL*mtiimi.i l zmt 4 ^m.<r> yv vt- * mn-r 4 x 

\sy+xm3.ixfz m®<?> mzm 1 mmm*. e ? * ^ -wu 
mz. &2mmm*mftmt. zcr)m2&mm*mftm 

®t a>oit5iBJS2#tis^ttJf ^Miam 

S^M*«*Si: cop n&^M#firfBS& 1 jS^M^Sft 

s«co±B{c*r l t * mmm.xh & *mimmz$z t 4 
xe k . mie v+wptt < t h &mt5 x xsmm izm 

1 c^mzm&thJMt . B?riBm2««s^»«cs 

jfUKOlS 2 SimSK-xffl -S-XSk, £co§g2 



i t x-tettiximsegi 2 &w.m^-*m 

±izy- h i&i&Kfc x txy- h ^fie^m-r 4 xs t * 

[0030] £<?)<£ 5 ^rflWETftiitf. ^ 1 &W£t&X 

wm2mmspmm^ ztiz-ti 1 ww-m 1 i^it 

-v-/^tf0^^Mc0^?r. Super Junctio 

[0031] -cCOiSSli, XSStc7)^i|ic7)«Sn$rjS^-f 
Super Junctio nfgiii: ft tfftfJSr* 

tz-t^mwmm. 5r *-r s ^ * v - m o s f e t s s 

[0032] *^O±ie : 5r4>t/ : ^'rC0fl!j<7)BWtffS 
[0033] 

[0034] (IS lOHJfi^RI) 01-07 {±, *%BH 

«m i (omtmmizm&j^-Mo s fet^ibim 
S:*-rBrfflaT*^.s». -r-r-cji, 2oovmxc7)cpffiw 

OSFET (DTMOS : Deep Trench MQSFET ) (COV> 

[0035] t-r. miizm-?x?iz, n* wvi^iy 
m t Lxcnn^mmm.<r> n * isiisi ±^<s^*fi 

[0036] n + ms iw^ico^mmmimmi 

X10 19 (atoms /cm 3 ) W±X\ &inMiMt 
(f 0 . 0 0 6 ( Q ■ cm) UJtT-C*>4 . n" fxe^^ 
i^^S i*2C0JP$;±W^.{f5 0^mT'ft4. 
[0037] mzm2 ( a ) (C^-T J: oiZ^ yyfh'J V 
tJitJfR I E (Reactive Ion Etching) £JHV> 
T. n* MSiS^H2^-SSIV^M^^f-35rn- S 
xt^^-v^S i®2t-raP-T4. 
[0038] M^yf-3coSH$(±Wx(f 5 1 — 5 5vm 
M^y^-3cO*aW(i^Ji.Jf8//m, M^y^-3C0 

otV^* 5 . RI E$-fflV>^lS^-. H^cO^«(45fe«l 0 
[0039] ^glZli. hU>1-3tfn* MS 

i a« l fcUHS£S§j£fS J; tc. ^-m'-x 7fy/ 
Srff3Jt«>. h^yf-3c0Jgc0&g(±, 02 (b) 

n- SxtT^v-^S iJ12OT«0n + S 



s i mm i crmmx o h&< ^ase&s . 

[0040] <X(2H3^-r«td(:. HJte-f Tf^iiAa 

[0041] -£<7>&, 1 1 5 0-C. 24 BSOOTX-.^ 
^i^PS i Jt2<^ffifla*^As:fcJ;t>*B£Rl$e& 

[0 04 2 3 <IOt#. 1 1 5 0°CT<^As<^t£afcfi&SIC 
ti9x 1 0- 8 /im ! /h x B <Oj£IM$&{± 5 . 5X10 
-a^m* /hSSTftO, B<0^$S#-«r;*#^:: 
fc£J:9As{;j;*-j2. 5jumt£|fcL, B<±^7. Sum 

[0043] -?-<7)*Sm, 134 iZffrtX o e. _biET— — 

v-a-^s i B 2 co4>*Se^*iSffll*^t£fii L-fcB 
fc£fflia^t£ifcL*:Bfc#*5roT, SM«pIf7 

[0 044] pMt^-S4tfO«l*-[*IcOTf-Siil Ojum 
HE. nSe^-JI 5cr>mJ}m<r)^tmii.2. 5/j.mmS. 
X'h&. Ltztfr>X. JL- •/ b -tJVmii 1 5.umfIJgi: 

[ 0 0 4 5 ] 4^|i«^©£0n p ne^-ffijtiiBfc J:^ 
WSuper Junct i o n«3ii: J±S& 9 . BcO 

[0046] zK^nmxmz&AstiTiWvj-ms/ 

pMt'7-«4/nStr7-«5*^^:S^Eft«^. 
-?%b-h*%PmmL^Wt&mm < n P nf^-fiji) 
li. UltWK^tO S u per Junctionffit 

t m caw***;-*-. Ltztf^x. &*>mmt{m2 

[0047] $£>(C. tf ^-ifflffi^A s . Bc7)>f^-y 
lk*.CDMZj:~>XigS$X*&. pMt'7-JI4 4><0B?) 
*£*£N B t. P StT5-ii4<0Sfl!lS:^2-o<0nS 
Vy-mStpcOAsCTM&tN^t 100 
X | N B -N fla I /BSSfcTS*. 

[0048] z<r>i o &&nm<?>^ims.zi y b o-/u 

<±, hl^f-ffffi-^As, B<7>f *^aAf3*t «t -5 
xm&TZZ. ZitizX*). pMt^-Jf 4*>J:tfnM 

[0 04 9] 0T*fcL nlt7-15/plt7-l4 
cOpn^Biin* MS i*«ltfHKBflt=**UTMtt= 
Sr-oT^S*', SHSWiM-y^3S:R I EinXT-m 
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pStr5-S4^P n g^-ffi<i*«^ECJ=f LTHJir* 

[0 0 50 3 iJc(:H5{=*t"J:a*:s 
&ts£olZimf&6?:-£ffitZ&J$.-r&. *6£Jg?6t;L <W 
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